Abstract-Input data preparation in general is the main chore in finite element analysis. Interactive preprocessors can provide the engineer with an easy guide and efficient method of communicating the mathematical model to the computer. Essentially the same modeling information has to be supplied to all finite element programs. A preprocessor can be made to accommodate internally the input data variations peculiar to each finite element program. Learning to model on one finite element program may then be adequate to allow the engineer to prepare data for other finite element programs through a well planned preprocessor. Three such preprocessors, PREMSAP, PNASTRAN and PADINA, have been developed in Fortran for SAP IV, NASTRAN and ADINA respectively. Typical interactive conversations of these, and their output, are presented here for a 3D bracket, and may be compared. These. preprocessors, coupled with a graphics package, proved very useful in training students in finite element analysis in class study, as well as with engineers and researchers in their work.
in finite element modeling and analysis, and may account for 80% or more of the total analysis cost. Interactive preprocessors can provide the engineer with an easy guide and efficient method of communicating his mathematical model to the computer by avoiding unnecessary mistakes and reducing time consuming verifications.
Essentially the same modeling information has to be supplied to all finite element programs. Preprocessors can be made to accommodate internally the input data variations peculiar to each finite element program. Learning to model on one finite element program may then be adequate to allow the engineer to prepare data for other finite element programs through a well planned preprocessor.
Input data may be prepared with an interactive preprocessor on micro computers, which are readily available and inexpensive, and then this data may be verified graphically for accuracy with a graphics package before running it on micro or mainframe computers to obtain the finite element results.
Three such preprocessors, PREMSAP [l-3] , PNASTRAN [3, 4] and PADINA, have been written in Fortran for SAP IV [5] , NASTRAN [6] and ADINA [7j respectively for linear analysis. Typical interactive conversations of these programs and their output are shown below for a 3D bracket problem, and may be compared.
No attempt is made here to describe SAP IV, NASTRAN or ADINA's program element components nor their input data statements. For this the reader is referred to the respective manuals whose references appear at the end of this text. It is of course recommended, though not essential for simple problems, to read the manuals and get acquainted with finite element techniques prior to running the appropriate preprocessor on the computer.
The preprocessors prompt the engineer in very similar language. They all have nodal and element mesh generation, as well as 2D and 3D options with or without rotation constraints. The user is prompted each step of the way and needs to enter the requested information format free.
After the user has defined his problem with proper sketches and dimensions, from a terminal he calls on the preprocessor he wants to use. This can be accessed on the Michigan Terminal System (MTS) by typing the appropriate command shown in the Appendix.
The name of the file to store the input data for the finite element program is created internally, and the data are saved within it according to the appropriate format of the particular finite element program being used.
Corrections to the input data file may be made by rerunning the preprocessors or by editing this file directly. Nonlinear parameters and/or bulk data may be added to the data file as desired.
The process of requesting information by the computer and the user's response to it continues until the last bit of information necessary to complete the input data for MSAP is accomplished.
These processors, when coupled with a graphics package [1, 2] , have been shown to be very useful in training students in finite element analysis in class study, as well as with engineers and researchers in their work. The computer knowledge required of them is thus reduced to a minimum.
It is easy to extend these preprocessors to accommodate other finite element programs. Use of these preprocessors by students, researchers and industry has proved to be very satisfying.
ILLUSTRATED EXAMPLE
Input data for finite element analysis of a 2 x 3 x 6 in. aluminum bracket, shown in 
COMPUTER CONVERSATION
The interactive computer conversation of the preprocessors PREMSAP, PNASTRAN, and PADINA to obtain input data for the bracket shown in Fig. 1 follows next, along with SAP IV, NASTRAN and ADINA analysis results of the same. ? 3,11,12,4, 2,10,9,1. 7,19,8.15, 6,17,5,13, 14,18,20 
>> ENTER ANALYSIS NUMBER (O= STATIC
0.0 -3.000 -3.000 0.0 0.0 -3.000 -3.000 0.0 0.0 -3.000 -3.000 0.0 -1.500 -3.000 -1.500 0.0 -1.500 -3.000 -1.500 0.0 13 6.000 1.000 6.000 1.000 6.000 2.000 6.000 2.000 3.000 0.0 3.000 0.0 3.000 2.000 3.000 2.000 0.0 0.0 0.0 0.0 0.0 2.000 0.0 2.000 6.000
1.000 6.000
1.500 6.000 2.000 6.000
1 ? 9,123 ? 10,123 ? 11,123 ? 12,123 ? 17,123 ? 18,123 ? 19,123 ? 20,123 ?\ 
*FOR EACH CHEXA ELEMENT, ENTER ELEMENT ID, AND ITS 20 GRID ID'S (CONNECTIVITY POINTS -USE THE RIGHT HAND RULE). 77TO CORRECT AN ERROR: REENTER "ELEMENT ID", AND THE 20 GRID ID'S. 77TO DELETE A LINE: ENTER "-ELEMENT ID", AND ZEROS (OR ANY OTHER NUMBER) FOR THE 20 GRID ID'S. *TERMINATE THIS SEQUENCE BY TYPING: SENDFILE (OR CTRL-C)
? 1, 4, 3, 11, 12, 1, 2, 10, 9, 15, 7, 19, 8, 16, 14, 18, 20, 13, 6, 17 GRID  GRID  GRID  GRID  GRID  GRID  GRID  GRID  GRID  GRID  GRID  GRID  GRID  GRID  GRID  GRID  GRID  CHBXA  +A1001  +A1001  +BlOOl  PSOLID  MAT1  FORCE  ENDDATA   11  12  13  14  15  16  17  18  19 ( ? 1,0,6,1,0,0,0,0 ? 2,-3,6,1,0,0,0,0 ? 3,-3,6,2,0,0,0,0 ? 4,0,6,2,0,0,0,0 ? 5,0,3,0,0,0,0,0 ? 6,-3,3,0,0,0,0,0 ? 7,-3,3,2,0,0,0,0 ? 8,0,3,2,0,0,0,0 ? 9,0,0,0,1,1,1,0 ? lO,-3,0,0,1,1,1,0 ? ll,-3,0,2,1,1,1,0 ? 12,0,0,2,1,1,1,0 ? 13,-1.5,6,1,0,0,0,0 ? 14,-3,6,1.5,0,0,0,0 ? 15,-1.5,6,2,0,0,0,0 ? 16,0,6,1.5,0,0,0,0 ? 17,-1.5,0,0,1,1,1,0 ? 18,-3,0,1,1,1,1,0 ? 19,-1.5,0,2,1,1,1,0 ? 20,0,0,1,1,1,1,0 ?/ ********* ELEMENT DATA ********* To prepare finite element data interactively:
To obtain displacements and stresses (forces): 9. %RUN CENA:PNASTRAN (and obtain input 12. $RUN CENA:ADINA SCARDS = ADATA datafile, call it NDATA) SPRINT = RESULT
